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Abstract: Disturbance is often touted as a management tool, as moderate 
disturbance is believed to enhance diversity; thus an understanding of 
frequent and fluctuating disturbance regimes in forests and their effects 
on stand structure, dominance and diversity is very crucial. Here, the 
effects of different disturbance regimes, along a gradient, on diversity 
and dominance of five Shorea robusta Gaertn. f.-dominated forests were 
investigated in 25 one-ha plots in Nepal. A total of 67 tree species were 
recorded; of which 41 species were encountered in least disturbed and 10 
species in heavily disturbed forest. Significant variations among forests 
were observed for all measures of alpha diversity. Alpha diversity meas¬ 
ures declined linearly along a disturbance gradient while dominance 
increased linearly. Relative basal area of S. robusta increased as the level 
of disturbance increased, which in turn produced more than two-fold 
higher important value index in heavily disturbed forest than the least 
disturbed forest. All alpha diversity measures declined in an order of 
three with increasing relative basal area of S. robusta. The similarity in 
species composition between each pair of disturbed forests was generally 
low (Jaccard’s similarity index < 57%), suggesting a higher Beta diver¬ 
sity. It can be concluded that diversity of Sal forests declines with in¬ 
creasing magnitude of disturbance, which in turn favors a higher domi¬ 
nance of S. robusta. Controlling the population of the dominant species, 
mainly S. robusta , is recommended to enhance diversity and to achieve 
multiple-use forest management objectives. 
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Introduction 

Biological diversity is essential for human survival and economic 
well being (Sagar et al. 2003; Zhu et al. 2007). However, un¬ 
precedented rate of deforestation and degradation of tropical 
forests accelerated the loss of biological diversity along with the 
water sources and non-timber forest products (Lamb et al. 2005). 
The loss of biological diversity is perhaps the most crucial con¬ 
cern for human survival as it influences all ecological services 
and livelihoods. The United Nations Conference on Environment 
and Development in Rio de Janeiro in 1992 identified human 
exploitation as a key reason for the loss of biodiversity, and put 
forward this human-vegetation nexus as the main subject for 
discussion especially since the Rio declaration (Tarrega et al. 
2006). 

In general, natural as well as human disturbances often lead to 
altered environmental conditions, which influence the process 
that can both augment and erode species diversity in a forest 
community (Kennard et al. 2002; Sagar et al. 2003). These dis¬ 
turbances determine forest dynamics and tree diversity at both 
local and regional scale (Hubbell et al. 1999; Sheil 1999; 
Ramirez-Marcial et al. 2001; Kennard et al. 2002). Changes in 
structural attributes of forests have often been attributed to dis¬ 
turbance regimes (Kennard et al. 2002) involving mostly a single 
factor that is limited in extent, e.g. selective logging (Cannon et 
al. 1994; Nagaike et al. 1999; Ramirez-Marcial et al. 2001; Sap¬ 
kota et al. 2009a, b). It has also been argued that species richness 
and diversity are invariably affected by frequent and fluctuating 
disturbances of low-intensity e.g. grazing and browsing, fire¬ 
wood and fodder extraction suggesting the importance of com¬ 
bined effect of multiple factors (Sagar et al. 2003; Zhu et al. 
2007). 

Despite general agreements on the role of disturbances of a 
suitable intensity in maintaining species diversity (Connell 1978; 
Vetaas 1997; Sheil 1999; Hubbell 2001; Sheil and Burslem 
2003), the detailed processes that structure the diversity follow¬ 
ing disturbance remain unclear yet (van Gemerden et al. 2003). 
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Hubbell et al. (1999) and Sheil and Burslem (2003) tested inter¬ 
mediate disturbance hypothesis (Connell 1978) in Barro Colo¬ 
rado Island and came up with contrasting conclusions. Sheil and 
Burslem (2003) believed that the intermediate disturbance hy¬ 
pothesis is still relevant in explaining higher species richness as 
too much disturbance leads to the loss of late-successional spe¬ 
cies and too little disturbance leads to exclusion of species 
adapted to colonizing younger sites. On the other hand, Hubbell 
et al. (1999) opined that a recruitment limitation, i.e. the failure 
of a species to recruit in all sites normally outweigh disturbances. 
They urged that although disturbances in mature forest do 
enlarge the choices of available niches, these would not necessar¬ 
ily be filled by most adapted species, but rather by those whose 
propagules are abundant enough at right place and right time. 

Amidst these arguments, many researchers showed that not all 
disturbance agents can increase species diversity (Fulbright 2004; 
Tarrega et al. 2006). Lindenmayer and Franklin (2002) opined 
that human disturbance regimes are different from the natural 
ones, e.g., for the forest ecosystem, the human disturbance does 
not maintain the same connectivity, landscape heterogeneity and 
stand structural complexity, as what natural disturbance does. 
Therefore, the impacts of human disturbances on species diver¬ 
sity are generally different, depending on the type and intensity 
of disturbances. For example, few studies in Indian S. robusta 
forests (hereafter referred as Sal forests) showed that lower mag¬ 
nitude of anthropogenic disturbances often lead to higher tree 
species diversity (Pande 1999; Sagar et al. 2003). Pandey and 
Shukla (2001) further emphasized that degraded Sal forests 
profoundly regenerate clonally, which maintain minimal species 
diversity. But, these studies lack clarity on combined effect of 
‘time since’, ‘type of and ‘level of disturbances in maintaining 
higher species diversity. Therefore, multiple factors of distur¬ 
bances need further discussion in order to understand distur¬ 
bance-diversity nexus. 

Common anthropogenic disturbances like burnings, grazing, 
browsing, timber harvesting, fodder and fuel-wood extraction in 
Sal forests have widely been reported from most parts of India 
(Pande 1999; Pandey and Shukla 2001; Sagar et al. 2003) and 
Nepal (Webb and Sah 2003; Timilsina et al. 2007; Sapkota et al. 
2009a,b). In addition, these forests supply a major part of subsis¬ 
tence needs like fuel-wood, livestock feed, animal bedding and 
compost and other minor forest products for more than 80% of 
rural population in Nepalese low land (Webb and Sah 2003). 
Given the immense pressures from decade-long frequent and 
fluctuating anthropogenic disturbances and the high conservation 
values as wildlife corridors (Timilsina et al. 2007), the Sal forests 
of Nepal needs immediate conservation/management attentions. 
Therefore, an understanding of combined effects of frequent and 
fluctuating disturbances on dominance, stand structure and diver¬ 
sity of Sal forests is very crucial to ensure the twin management 
goals- supporting livelihood of poor people and biodiversity 
conservation. Thus, the present study was undertaken to examine 
the changes in tree species diversity and dominance along a dis¬ 
turbance gradient in Sal forests by combining effects of multiple 
disturbance factors. The hypotheses of the study were: (1) Tree 
species diversity declines while increasing dominance along a 
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disturbance gradient from low to high magnitude; (2) Higher 
relative basal area of the dominant tree species negatively affects 
the tree species diversity. 


Materials and methods 

Study area 

This study was conducted in five seasonally-dry deciduous Sal 
forests (Jackson 1994) in the Nawalparansi district of Nepal (Fig. 

1) . These forests, which represent climatic climax vegetation in 
each locality (Anonymous, 1994; Webb and Sah, 2003), are lo¬ 
cated between 27°28'-27°94’N and 83°56'-84°21' E at similar 
altitudes, and they are managed by the local people as commu¬ 
nity and buffer zone forests and by the State (Table 1). The study 
forests are growing on an alluvial plain with similar geological 
characteristics to the Gangetic plain of India in the south, while 
the underlying sediments originate from tertiary Siwalik material 
in the north (Anonymous 1994). The Siwalik hills are composed 
of coarsely bedded stones, crystalline rocks, clays and conglom¬ 
erates. The texture of the soil (from 0-10 cm depth) varies from 
sandy to loam with varying chemical property (Table 2). The 
climate in the area is tropical to sub-tropical and a typical year 
can be divided into three main seasons: cold, hot and rainy. May 
and June have the highest mean maximum temperature (34.6°C), 
while the coldest months are December and January (9.9°C). 
Maximum rainfall occurs during the monsoon season (June- 
September) with an average monthly rainfall of 531.3 mm (Fig. 

2) . Dew falls from December to February. 
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Fig. 1 Location of seasonally dry deciduous Shorea robusta dominated 
forests represented in this study. 

Prior to 1963, the forests in the study area were intact and 
nearly pristine with high faunal and floral diversity. Later, malar¬ 
ial eradication program, construction of the East-West national 
highway and political unrest reduced the forest cover considera¬ 
bly. The continuous flow of migrating people from the hills to 
these areas has caused further forest degradation and encroach¬ 
ment. According to the forest management plan for this region 
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(Anonymous 1994), the annual deforestation rate between 1964 
and 1990 was 2%-2.4% of the national forests. In this 25-year 
period, approximately half of the forest area in the district was 
either degraded or converted to other uses. Recently, the man¬ 
agement and ownership rights of some forests have been trans¬ 
ferred from the State to the local communities. Although protec- 

Table 1. Geographical location and management regimes of study forests. 


tion rules have been imposed following this transfer of owner¬ 
ship, no specific management tools have been applied in these 
forests. All forests are managed with the same approach of pro¬ 
tection with selective logging of dead and diseased trees. More¬ 
over, no major changes in forest use patterns have been observed 
following the ownership change. 


Forests 

Latitude 

Longitude 

Elevation range (m) 

Management regime* 

Azimuth for the transect line 

Sushta Triveni 

27° 28.342’ 

83° 56.495’ 

105-175 

Buffer zone forest (BZF) 

320° 

Chautari 

27° 42.948’ 

84° 14.481’ 

305-360 

Community forest (CF) 

360° 

Nandan 

27° 42.606’ 

84° 21.544’ 

195-295 

Community forest (CF) 

o 

O 

Danda Chisapani 

27° 42.948’ 

84° 03.534’ 

160-186 

State managed forest (SMF) 

300° 

Shree Shanti 

27° 38.490’ 

84° 08.667’ 

170-200 

Buffer zone forest (BZF) 

20° 


*The management responsibilities and ownership are recently assigned to the local community in CF and BZF. Government owns and manages the entire forests in 
SMF. Buffer zone is a forest area between settlements and the core protected forests. 

Table 2. Physico-chemical properties of soils in the study forests (Mean ± SE). 


Forests 

pH 

Organic Matter 

(%) 

N 

(%) 

P 

(kg/ha) 

K 

(kg/ha) 

Sand 

(%) 

Silt 

(%) 

Clay 

(%) 

Moisture 

(%) 

Type 

Sushta Triveni 

6.3 ±0.30 

0.79 ±0.19 

0.06 ±0.01 

12.2 ±0.4 

173.0 ±49.3 

52.4 ±3.1 

36.2 ±3.8 

11.4 ± 1.01 

6.3 ±0.9 

Sandy 

Chautari 

5.2 ± 0.07 

2.1 ±0.15 

0.13 ± 0.01 

3.0 ±0.5 

413.2 ±40.8 

41.9 ± 1.3 

35.7 ±1.1 

22.4 ± 1.07 

12.3 ±1.3 

Sandy-clay loam 

Nandan 

5.2 ±0.10 

1.2 ± 0.13 

0.28 ±0.2 

4.1 ± 1.1 

236.0 ±73.6 

47.3 ±3.9 

33.6 ±1.8 

19.1 ±3.4 

7.1 ± 1.1 

Sandy-clay loam 

Danda Chisapani 

5.5 ±0.10 

2.0 ±0.2 

0.13 ± 0.01 

26.1 ±9.7 

471.2 ±54.4 

40.2 ±5.5 

34.2 ±2.9 

25.6 ±3.5 

11.0 ± 1.0 

Loam 

Shree Shanti 

5.2 ± 0.09 

1.5 ±0.21 

0.26 ±0.15 

18.6 ± 5.7 

346.1 ±20.0 

43.4 ±2.3 

38.0 ±1.9 

18.6 ±1.9 

11.7 ± 1.2 

Loam 



Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Months 

Fig. 2 Mean annual rainfall (vertical bars), relative humidity (trian¬ 
gles), and mean maximum (points) and minimum (circles) tempera¬ 
tures of the study area during the period 2003-2005. 

Sampling and inventory 

The forests were selected based on a reconnaissance survey and 
discussion on their current management regimes with forest offi¬ 
cers. Detailed inventories for each forest were carried out from 
October 2006 to March 2007 using the quadrat method. In each 
forest, a constant azimuth (Table 1) was chosen for lying the 
transect lines from the settlement to the core zone of the forest. 
In each forest, five 1-ha plots were established along the right- 


hand side of each transect successively at 200 m intervals from 
the settlements. Each 1-ha plot was then divided into 25 sub¬ 
plots (each 20 m x 20 m) for sampling individuals with > 20 cm 
diameter at breast height (dbh). A square quadrat of 25 m 2 was 
also laid out at the left corner of each sub-plot for sampling indi¬ 
viduals with 1.5-20 cm dbh. The dbh of each individual was 
measured using a digital caliper and a diameter-tape (when pos¬ 
sible). Species were identified in situ when possible, and by 
comparison with voucher specimens from the National Herbar¬ 
ium. 

Assessment of disturbance 

Prior to the inventory, all possible disturbance regimes were 
discussed with local forest users, and the major disturbance re¬ 
gimes that were occurring in a frequent and fluctuating manner 
and having multiple and simultaneous effects on the vegetation 
were identified. These included damages by windthrow, harvest¬ 
ing, cutting, lopping, breakage, browsing, uprooting, crown 
openness, herbivory and site disturbance (e.g. footpaths, cart 
trails). No fire disturbance has previously been observed in these 
forests, thus not considered in this study. During the forest inven¬ 
tory, all individuals showing signs of damage were identified and 
counted, and their collar diameters were measured in the same 
sub-plots and quadrats. ‘Time since’ disturbance was estimated 
and categorized as ‘recent’ (< 2 years), ‘old’ (> 2 years to < 10 
years) or ‘very old’ (> 10 years). These categories were based on 
visual inspection of the bark, stem and leaf residues around the 
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stumps, stump freshness, stump color, termite mounds and 
cracks in the remaining stumps. Crown openness was estimated 
using a densiometer. Disturbance due to herbivores was esti¬ 
mated by counting the number of wallowed and/or disturbed 
spots (e.g. by rhinos, wild pigs, deer, rodents, hedgehogs etc.) 
and animal feces (as indicators of their presence). Footpaths and 
trails, as indicators of site disturbance, were measured using a 
linear tape. 

Based on the relative impact of major disturbance indicators in 
each forest, a Disturbance Impact Factor (DIF) was derived for 
placing the forests along a disturbance gradient (see Sagar et al. 
2003 for details). In each forest, DIF values for browsing, cutting, 
lopping, breaking and uprooting were obtained from estimates of 
the relative density and basal area of damaged individuals (seed¬ 
lings, saplings, poles and trees) as follows: 

(1) Relative density of damaged individuals = sum of density 
of damaged individuals / total density (damaged + normal) 

(2) Relative basal area of damaged individuals = sum of basal 
area of damaged individuals / total basal area (damaged + normal) 

(3) The forest with the lowest value of relative density of 
damaged individuals was assigned an impact factor of 1 for each 
disturbance indicator. 

(4) The forest with the lowest value of relative basal area of 


damaged individuals was assigned an impact factor of 1 for each 
disturbance indicator. 

(5) For other forests, the relative impact factor was calculated 
as follows: 

(a) Relative density of damaged individuals in forest of inter¬ 
est / relative density of damaged individuals in the forest with 
lowest value; 

(b) Relative basal area of damaged individuals in the forest of 
interest / relative basal area of damaged individuals in the forest 
with lowest value. 

The impact factor was also calculated according to ‘time since 
disturbance’ for each disturbance indicator separately. For other 
disturbances (crown openness, herbivory and footpath/trails etc.), 
the forest with the lowest number of cases or measurement val¬ 
ues was assigned an impact factor of 1 for each disturbance indi¬ 
cator. For other forests, the relative impact factor was calculated 
as follows: the number of cases or measurement values in the 
forest of interest / the number of cases or measurement values in 
the forests with the lowest number of cases or measurement val¬ 
ues. 

Finally, the relative impact factor for each disturbance indica¬ 
tor was summed up, and the forests were placed along a distur¬ 
bance gradient from I to V (Table 3). 


Table 3. Relative impact factor for each disturbance indicator and an estimated disturbance impact factor (DIF) for each forest. 


Forests Browsing Lopping etc Lopping etc Harvesting Harvesting etc Crown Wild-lives Foot path Animal Total Disturbance 

etc (seedling (sapling/pole (sapling/pole etc (adult (adult tree openness and herbi- and trails feces category 



density) 

density)* 

stump basal 

area)* 

tree den¬ 
sity)* 

stump basal 

area)* 


vores 




/gradient 

Sushta Triveni 

1 

2.6 

2.5 

3 

3 

1 

14.1 

1 

1 

29.2 

I 

Chautari 

4 

6.4 

4.5 

7.1 

6 

1.2 

15.7 

31.6 

3.7 

80.2 

II 

Nandan 

6 

13.8 

18.4 

7 

8.2 

1.3 

3.5 

30.1 

2.3 

90.6 

III 

Danda Chisapani 

5.9 

8.8 

9.9 

16 

25.8 

1.4 

1 

34.3 

1.3 

104.4 

IV 

Shree Shanti 

5.5 

23 

9.4 

8.7 

10.9 

1.2 

32.8 

64.4 

5.1 

161 

V 


* Impact factor for these disturbances was first computed for recent, old and very old groups separately and then summed up. 


Data analysis 

The total number of species, number of unique species and num¬ 
ber of species with single individual per forest were computed. 
To compare species richness and composition of the plots, we 
computed number of species (S), species per individual ratio 

& N ) and Important Value Index (IVI) of the species. IVI of 
the species was calculated by summing up the relative frequency, 
relative basal area and relative density. Alpha diversity in rela¬ 
tion to disturbance was examined using the following diversity 
measures per plot that were subjected to One-Way ANOVA: 

1. Margalef s index of species richness (SR), 

SR = S c -1 / ln( N) (l) 


2. Shannon-Wiener index (FT), 

H'^-YjPi lo B 2 Pi ( 2 ) 

where, pi is the proportion of individuals belonging to species i, 
N is total number of individuals, and Sc is total number of spe¬ 
cies. Means that exhibited significant differences were compared 
using Tukey’s test with 5 % probability level. In addition, Jac- 
card's index of similarity (IS) was calculated for assessing Beta 
diversity as follows: 

IS = {c/(a + b + c}x 100 (3) 

where, c is number of species common to both forest stands, a is 
the number of species unique to forest stand 1, and b is the num¬ 
ber of species unique to forest stand 2. 
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To examine dominance, we computed Simpson’s index for each 
forest and tested for significant difference using One-way 
ANOVA. The Simpson’s index was calculated using the equa¬ 
tion: 

D^in^-VtKNiN-X)) (4) 

where, N and ni are the total number of individuals and the total 
number of individuals of the ith species, respectively. The domi¬ 
nance-diversity curve was drawn by plotting IVI against species 
rank from highest to lowest IVI (Whittaker 1970). 

To further examine the pattern of change in species composi¬ 
tion, diversity and dominance across the disturbance gradient, a 
linear regression was fitted using species richness, species- 
individual ratio, Margalef s, Shannon-Weiner’s and Simpson’s 
indexes as dependent variable (y) and DIF as independent (x). As 
S. robusta was found to be the most dominant species in all for¬ 
ests, we examined the relationship between the relative basal 
area of S. robusta (y) and DIF (x) using linear regression. To 
examine whether the change in alpha diversity across the distur¬ 
bance gradient is related to the dominance of S. robusta, the rela¬ 
tionship between each diversity measures (y) and relative basal 
area (%) of S. robusta (x) were explored by curve fitting. All 
statistical analyses were performed using SPSS version 15 (SPSS 
for Windows, Chicago: SPSS Inc.). 


Results 

Tree species diversity 

A total of 67 species representing 60 genera and 37 families were 
recorded in five seasonally dry Sal forests; of which the least 
disturbed forest had the highest species richness, while heavily 
disturbed forest had the lowest (Table 4). Similarly, higher num¬ 
ber of unique species was observed in least and moderately dis¬ 
turbed forests (I and II) than heavily disturbed one (V). Some 
species were represented by single individual, which were large 
in the least and moderately disturbed forests (I and II) compared 
to heavily disturbed forest (V). The species represented by a 
single individual varied from 27 to 50% of the total number of 
species along a disturbance gradient. With regard to the alpha 
diversity measures, significant variation was observed for mean 
species richness, Margalef s index of species richness, Shannon- 
Wiener’s index and species per individual across the disturbance 
gradient (Table 4). All diversity measures were higher in the 
least disturbed forest than in the heavily disturbed one. Beta 
diversity, as evidenced from lower species similarity, was higher 
between the forests subjected to least (I) and heavily disturbed 
forest (V), while it was lower between forests subjected to mod¬ 
erate disturbance (II and III) that had high species similarity 
(Table 5). Nevertheless, the Beta diversity was generally high 
between the other disturbed forests. 


Table 4. Summary of the species composition, diversity and dominance measures for five seasonally dry S. robusta forests along a disturbance gradient 
(mean ± SE). Means followed by the same letter across rows are not significantly different. 


Disturbance 

gradient 




Diversity measures 




Total number 

of species 

No. of unique 

species 

No. of species with 

single individual 

Mean species 

richness 

Margalef s 

index 

Shannon- 

Wiener index 

Species per 

individual 

Simpson’s 

index 

I 

41 

16 

12 

22 ± 2a 

9.31 ± 0.89a 

3.23 ± 0.26a 

0.13 ± 0.02a 

0.18 ± 0.03a 

II 

37 

11 

14 

16± lb 

6.39 ± 0.63b 

1.75 ± 0.41b 

0.08 ± 0.02ab 

0.54 ±0.1 lab 

III 

28 

2 

8 

15 ± lb 

5.69 ± 0.42b 

1.96 ± 0.273b 

0.06 ± 0.009bc 

0.44 ± 0.09ab 

IV 

22 

2 

6 

11 ± lb 

4.31 ± 0.50b 

1.20 ± 0.24bc 

0.05 ± 0.002bc 

0.66 ± 0.07bc 

V 

10 

4 

5 

4± lc 

1.29 ± 0.43c 

0.29 ± 0.10c 

0.07 ± 0.009c 

0.92 ± 0.03c 

F 




27.11 

23.73 

15.14 

9.68 

12.9 

P 




<0.001 

<0.001 

<0.001 

<0.001 

<0.001 


Table 5. Similarity in species composition between disturbed forests 
represented in the present study, based on Jaccard’s coefficient. 


Disturbance gradient 



I 

II 

III 

IV 

V 

I 

100 

41.7 

31.9 

35.7 

13.6 

II 


100 

56.3 

42.2 

18.8 

III 



100 

38.1 

18.5 

IV 




100 

15.0 

V 





100 


Tree species dominance 


the highest being for the heavily disturbed forests and the lowest 
for the least disturbed one (Table 4). The dominance-diversity 
curves in all forests displayed a log series distribution (Fig. 3), 
where the majority of the species had lower IVI while few spe¬ 
cies had higher values. Irrespective of the magnitude of distur¬ 
bance, S. robusta appeared to be the most dominant species with 
the highest IVI (Table 6). The IVI of S. robusta differed highly 
among forests; being the highest in heavily disturbed (V) com¬ 
pared to the least disturbed one (I). Lagerstroemia parviflora , 
Mallotus philippensis , Wendlandia coriacea and Symplocos spp. 
were co-dominant species across the disturbance gradient from I 
to IV, respectively (Table 6). 


Simpson’s dominance index varied significantly among forests; 
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Table 6. Important value indices of 25 tree species and their families 
across a disturbance gradient. 


Family 

Species 

Disturbance gradient 

I II III IV 

V 

Dipterocarpaceae 

Shorea robusta 

111 

179 

165 

217 

274 

Lythraceae 

Lagerstroemia parviflora 

35 

13 

11 

5 

8 

Combretaceae 

Terminalia alata 

18 

13 

22 

14 

- 

Euphorbiaceae 

Mallotus philippensis 

17 

21 

- 

- 

3 

Anacardiaceae 

Semecarpus anacardium 

13 

7 

19 

7 

1 

Combretaceae 

Anogeissus latifolius 

13 

- 

- 

- 

- 

Leguminosae 

Desmodium oojeinense 

11 

- 

- 

- 

- 

Sapindaceae 

Schleichera oleosa 

10 

- 

- 

- 

- 

Cyperaceae 

Mariscus sumatrensis 

8 

- 

- 

- 

- 

Symplocaceae 

Symplocos spp. 

7 

5 

4 

23 

7 

Anacardiaceae 

Spondias cytheria 

- 

11 

- 

- 

- 

Rubiaceae 

Anthocephalus cadamba 

- 

11 

- 

- 

- 

Myrtaceae 

Syzigium cumini 

- 

7 

14 

- 

- 

Leguminosae 

Cassia fistula 

- 

5 

- 

4 

- 

Rubiaceae 

Wendlandia coriacea 

- 

- 

25 

- 

- 

Anacardiaceae 

Semecarpus spp. 

- 

- 

15 

- 

- 

Rubiaceae 

Adina cardifolia 

- 

- 

4 

- 

- 

Sterculiaceae 

Pterospermum lanceae- 
folium 

- 

- 

4 

- 

- 

Cornaceae 

Cornus oblonga 

- 

- 

- 

7 

- 

Euphorbiaceae 

Sapium insigne 

- 

- 

- 

6 

1 

Myrtaceae 

Eugenia operculata 

- 

- 

- 

4 

- 

Lecythidaceae 

Careya arborea 

- 

- 

- 

3 

- 

Euphorbiaceae 

Aporusa octandra 

- 

- 

- 

- 

2 

Moraceae 

Ficus religiosa 

- 

- 

- 

- 

2 

Euphorbiaceae 

Trewia nudiflora 
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The regression analyses revealed that more than 80% of the de¬ 
cline in alpha diversity measures across the disturbance gradient 
was explained by the DIF (Fig. 4). DIF explained 93% of the 
increase in Simpson’s dominance index across the disturbance 
gradient. The relative basal area of S. robusta increased linearly 
as the level of DIF increased (r 2 adj = 0.77; p = 0.032). All alpha 
diversity measures declined by the order of three with increasing 
relative basal area of S. robusta (Fig. 5). 
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Fig. 3 Dominance-diversity curve based on IVI of tree species and 
species rank for each forest along the disturbance gradient. 



























Journal of Forestry Research (2010) 21(1): 25-32 


31 


Discussion 

In the present study, we found different combinations of species 
across the disturbance gradient. Decrease in total number of spe¬ 
cies along the disturbance gradient and small number of unique 
species on more disturbed forests may reflect high exploitation 
pressure (Sagar et al. 2003). The disappearance of some sensitive 
woody species at its recruitment stage was often observed due to 
grazing pressure (Onaindia et al. 2004). The presence of large 
number of species with only one individual in the least disturbed 
forests (I and II) compared to other forests might be due to re¬ 
cruitment limitations. These species could be of pioneer species 
that respond only to major disturbances, not to small gaps 
(Brown and Whitmore 1992). Our finding is consistent with 
Sagar et al. (2003), who observed 18 to 30% of Indian dry forest 
species (> 30 cm circumference at breast height) were repre¬ 
sented by a single individual. 

The alpha diversity measures followed an inverse trend with 
disturbance gradient, which indicated that least disturbances 
facilitate species diversity. It is preliminarily so because least 
disturbed forests often experience low level of species exploita¬ 
tion and also ensure higher resource availability (Sagar et al. 
2003). Collins et al. (1995) also found a significant monotonic 
decline in species diversity with increasing frequency of experi¬ 
mental disturbances. The decline in alpha diversity across distur¬ 
bance gradient is also related to an increase in the dominance of 
a particular species along the same gradient, as evidenced from 
the negative relationship between relative basal area of the most 
dominant species, S. robusta, and alpha diversity measures in our 
study. 

Extremely higher Beta diversity between the least disturbed 
forest (I) and heavily disturbed one (V) and the lower Beta diver¬ 
sity between the moderately disturbed forests (II and III) may be 
attributed to the magnitude of differences in species-individual 
ratio found there. The former pair showed higher difference, 
while the latter showed lower. Sagar et al. (2003) also found a 
positive relationship between Beta diversity and species- 
individual ratio. Decreasing trend of species-individual ratio 
along a disturbance gradient in the present study may suggest 
that disturbances were crucial factor altering the pattern of ‘be¬ 
tween habitat diversity’ in Sal forest community. It also indicates 
that the study forests lack the homogeneous level of species ex¬ 
ploitation. Such phenomenon may lead a species-rich forest to a 
species-poor (Sagar and Singh 2006). 

Simpson’s dominance index was substantially higher in heav¬ 
ily disturbed than in the least disturbed forest. Too much distur¬ 
bance leads to the loss of late-successional species while favor¬ 
ing early successional and/or disturbance-tolerant species. In the 
present study, S. robusta was found to be the dominant species in 
all disturbed forests, but highly dominant in heavily disturbed 
forest. Its relative basal area increased linearly across the distur¬ 
bance gradient. This phenomenon could be related to its ability 
to regenerate aggressively by suckers following disturbances 
(Pandey and Shukla 2001; Gautam and Devoe 2006; Sapkota et 


al. 2009a, b). It is also argued that due to strong light demanding 
character of S. robusta (Jackson 1994; Gautam and Devoe 2006), 
disturbance-led light availability favors its seedling recruitment 
process (Webb and Sah, 2003; Sapkota et al. 2009a, b). In addi¬ 
tion, repeated exploitation of some species such as Terminalia 
alata , Adina cardifolia , Terminalia bellirica, Syzigium cumini , 
Eugenia operculata and Careya arborea for fodder and fuel- 
wood in these forests (pers. obs.) could be of another factor that 
may alter the course of succession (Swamy et al. 2000), leading 
to single species dominance in the system. Our finding on single 
species dominance is consistent with the study made in Doon 
valley (Pande 1999) and in southern forests of India (Swamy et 
al. 2000). The occurrence of different co-dominant species along 
a disturbance gradient can be attributed to their ability to tolerate 
competition for space and resources from S. robusta and the 
choice and extent of exploitation of the co-dominants by the 
local people. For example, Wendlandia coriacea and Symplocos 
spp. are co-dominant species in relatively disturbed forests due to 
the fact that they are least preferred species by the local people. 

Conclusions 

The present study illustrated that tree diversity declines while 
dominance increases linearly along a disturbance gradient. Dis¬ 
turbance appears to favor single species dominance of S. robusta. 
The change in tree diversity is also related to relative basal area 
of the dominant tree species. In view of fostering tree species 
diversity in seasonally dry deciduous Sal forests, the young 
population of S. robusta needs to be reduced in order to maxi¬ 
mize the chances of light, space, water and minerals to other 
species. Due attention should be given to the level of forest ex¬ 
ploitation and choice of species for extraction in order to main¬ 
tain species richness. We suggest enrichment planting of under 
populated species like Terminalia alata , Terminalia bellirica , 
Careya arborea , Syzigium cumini and Eugenia operculata. We 
also suggest an amendment to the forest Act by including under 
populated and unique species, as identified here, into the list of 
protected species. 
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